Oxygen Uptake for Cycling in Relation to Body Composition: A Pilot Study  by Chen, June-Kai et al.
Kaohsiung J Med Sci October 2009 • Vol 25 • No 10544
© 2009 Elsevier. All rights reserved.
The increase in oxygen (O2) uptake (V
.
O2) reflects O2
utilization by the body mass during the performance
of external work during exercise [1]. Clinical exercise
testing, such as cycle ergometry, is preferred to the
treadmill because it provides more precise determina-
tion of the external work being performed [2]. Conse-
quently, the magnitude and profile of the V
.
O2 response
of bicycle ergometry can be more confidently inter-
preted and individually determined.
The V
.
O2 during ergometer exercise can vary con-
siderably from one subject to another because of dif-
ferences in subject size. The increase in V
.
O2 during
ergometer exercise is considerably greater than the
increase in V
.
O2 at rest in obese subjects compared
with non-obese subjects [2]. In the course of the stud-
ies of V
.
O2 on bicycle ergometer, an attempt has been
made to investigate the relationship between body
mass of the different-sized subjects and V
.
O2 when
performing standardized ergometer exercise. The V
.
O2
during work can be estimated from body mass on
cycle ergometry. Various approaches to estimating V
.
O2
during cycle ergometry have been to use total body
mass (TBM) [2], or the TBM in excess of that expected
from height [3].
However, some authors argued against the prac-
tice of using TBM as a primary variable in predicting
V
.
O2. Astrand and Rodahl [4] have pointed out that
V
.
O2/TBM is higher in smaller than in larger elite ath-
letes, even when obesity is not a factor. In fact, the
body (i.e. TBM) is composed of the cell mass (CM),
extracellular fluid (ECF), bone mineral weight (BMW)
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The purpose of this study was to investigate the relationship between oxygen uptake (V
.
O2) for
cycle ergometry and body composition in untrained healthy young men. Fifty-six men under-
went body composition measurements and ramp work rate tests at 60 revolutions/minute on a
cycle ergometer. Cell mass (CM), fat mass (FM), lean body mass (LMB) and total body mass (TBM)
were assessed by multifrequency and segmental bioelectric impedance analysis. Resting, unloaded,
and peak V
.
O2 were determined by a gas analyzer, and their relationships with CM, FM, LBM,
and TBM were analyzed. Values of V
.
O2/TBM were positively related to the increasing CM/TBM
ratios (p < 0.05–0.01). However, V
.
O2/CM did not change with anthropometric characteristics
(p > 0.05). Resting, unloaded and peak V
.
O2 were more strongly related to CM (p < 0.005–0.001)
than to FM, LBM or TBM. Our findings revealed that FM, LBM and TBM least affected the rela-
tionship between V
.
O2 and CM. These data suggest that CM actually provides the preferred frame
of reference for estimating the V
.
O2 for cycle ergometry at 60 revolutions/minute in untrained
healthy young men.
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and fat mass (FM); body masses and composition
vary appreciably across the range of TBM values [5].
The V
.
O2, as a test of cardiovascular-respiratory per-
formance, is a function primarily of “active tissue”, the
body mass that is actually performing the work [6].
Although TBM is considered to be similar to active
tissue in estimating the relationship with V
.
O2 in many
established clinical practices, the precise relationships
between V
.
O2 and the components of TBM are still
controversial. The relationship between these variables
can only be considered to be valid if the body mass is
consistently and functionally related to active tissue,
the gains in body mass and active tissue mass are con-
sistently proportional, and the relationship between
V
.
O2 and body mass is linear in different-sized sub-
jects. On the other hand, the previous body mass me-
thods for estimating V
.
O2 have never been compared
with whole-body composition.
Therefore, the purpose of this study was to simul-
taneously evaluate the body composition measured
by multifrequency and segmental bioelectrical imped-
ance analysis (BIA), and to investigate the influence
of body composition on the V
.
O2 of cycle ergometry
in untrained healthy young men.
METHODS
Subjects
Fifty-six healthy young men were recruited. All sub-
jects were free from major disabilities, cardiovascular
risks, orthopedic and metabolic diseases, and had no
contraindications to exercise testing, as outlined by
the American College of Sports Medicine [7]. None 
of the subjects had any significant physical training.
None were trained cyclists. All were limited in their
current cycling to less than three times per week, 
15 minutes per session and had never cycled for > 50
miles per week for 4 consecutive weeks. The prospec-
tive subjects who met the criteria were informed of the
procedures, the known risks and benefits, and signed
informed consent (as approved by the Human Experi-
ment and Ethical Committee, Kaohsiung Medical
University Hospital), which was obtained from all
subjects. Remuneration was not offered.
Anthropometry and respiratory function
Body height and weight were measured using stan-
dard techniques with the subjects in light clothes
without shoes. Body height was measured to the near-
est 0.5 cm. TBM and whole-body composition mea-
surements were carried out using multifrequency and
segmental BIA with a precision of ±0.1 kg, using eight
tactile electrodes in accordance with the manufac-
turer’s instructions (InBody 3.0; Biospace, Seoul, South
Korea). With these data, CM, FM and lean body mass
(LBM) were calculated from the sum of each segment,
using the equations in the BIA software, a method
that was shown to be accurate and reproducible [8].
The BIA measurements followed the recommended
protocol [7].
Exercise tests
All tests were performed on a calibrated electromag-
netically-braked cycle ergometer (Corival V2; Lode BV,
Groningen, The Netherlands). The exercise testing on
the ergometer was performed according to the linear
ramp-incremental protocol to the limit of tolerance [9].
Following a 4-minute rest period, the subjects began
pedaling on the ergometer at 60 revolutions/minute
at a work rate of zero load for 4 minutes. Subjects were
instructed to use maximal effort and to display the
thumb-down signal when they wished to terminate
the test. Termination of testing followed American
College of Sports Medicine guidelines [7]. Expired gas
was analyzed via open-circuit spirometry using a gas
analyzer (Meta-Max 3B; Cortex Biophysik GmbH,
Leipzig, Germany) to determine V
.
O2. Volume cali-
bration and calibration of gases using standard gases
were done before each test. The subject wore a mask
and breathed room air though a one-way directional
valve system. Resting V
.
O2 (V
.
O2resting) was determined
during the 4-minute rest period, and unloaded V
.
O2
(V
.
O2unloaded) during the 4-minute zero work-load pe-
riod. Peak values for V
.
O2 (V
.
O2peak) were the averages
of values recorded during the last 30 seconds of 
the test.
Statistical analysis
Means and standard deviations were calculated for the
subjects. Coefficient of variation was calculated by
comparing the variability of different body masses,
each with different arithmetic means. A descriptive
and investigative analysis was initially performed to
evaluate the distribution of the variables as well as
the relationship between them using Pearson’s corre-
lation analysis. Statistical significance was prospec-
tively defined as p < 0.05. The calculated data were
entered into a digital computer for statistical analysis,
performed using the SAS version 9 (SAS Institute,
Cary, NC, USA).
RESULTS
Subject characteristics
Subjects’ anthropometric and body composition char-
acteristics are presented in the Table. The subjects
varied in TBM with a broad range in CM, FM, and
LBM. Similarly, body components (CM, FM, and LBM)
in the original sample were represented as a percent-
age of TBM (CM%, FM%, and LBM%; 55.8 ± 4.1%,
20.7 ± 5.7% and 79.3 ± 5.7%, respectively).
Correlations between body composition
and TBM
The relationships between body mass percentage and
TBM are presented in Figure 1. Among the body com-
ponents, there were strong relationships between CM
(r = 0.78), FM (r = 0.74) and LBM (r = 0.79) with TBM
(all p < 0.001). CM% and LBM% were negatively cor-
related with TBM (r = –0.53 and –0.55, respectively,
both p < 0.001). Interestingly, however, only FM% was
positively correlated (r = 0.55, p < 0.001) with TBM, in-
dicating that FM increased much more than CM and
LBM with increases in TBM. CM was also correlated
with LBM (r=0.89, p<0.001), but not with FM (r=0.17,
p = 0.2).
Relationships between V
.
O2 and body mass
As shown in Figure 2, the V
.
O2resting, V
.
O2unloaded and
V
.
O2peak values were significantly (p < 0.05–0.001) cor-
related with CM (r = 0.41, 0.49 and 0.56, respectively),
LBM (r = 0.39, 0.47 and 0.53, respectively) and TBM
(r=0.39, 0.50 and 0.41, respectively). Conversely, there
was no significant relationship between V
.
O2resting and
V
.
O2peak values and FM (r = 0.2 and 0.09, respectively),
even though FM and FM% were highly correlated
with TBM (Figure 1). However, the V
.
O2unloaded values
were weakly correlated with FM (r = 0.3, p < 0.05).
Relationships between V
.
O2 and body mass
percentages
In view of body mass percentages, as shown in
Figure 3, the V
.
O2/TBM correction was significantly
correlated (p < 0.05–0.005) with CM%, that is, V
.
O2
was more closely correlated with CM than with TBM.
However, the V
.
O2/CM correction was not correlated
with CM% (p > 0.05), indicating that V
.
O2 tends to in-
crease as CM increases. Conversely, the V
.
O2/TBM cor-
rection was significantly correlated with LBM%, but
only for V
.
O2resting (p < 0.05) and V
.
O2peak (p < 0.005).
DISCUSSION
This study shows that the V
.
O2 of cycle ergometry is
more closely related to CM, as measured by multi-
frequency and segmental BIA, in untrained healthy
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Table. Anthropometric characteristics and exercise data
of the subjects (n = 56)
Variable Mean ± SD CV (%)
Age (yr) 26.0 ± 4.1 –
Height (cm) 171.8 ± 4.9 –
TBM (kg) 68.4 ± 8.1 11.8
CM (kg) 38.0 ± 3.9 10.3
CM (%) 55.6 ± 4.0 7.2
FM (kg) 14.4 ± 5.1 35.4
FM (%) 21.0 ± 5.4 25.7
LBM (kg) 54.0 ± 5.5 10.2
LBM (%) 79.0 ± 5.4 6.8
V
.
O2resting (mL/min) 274.8 ± 46.5 –
V
.
O2unloaded (mL/min) 522.5 ± 90.8 –
V
.
O2peak (mL/min) 1,987.0 ± 431.5 –
Peak workload (W) 204.0 ± 31.4 –
SD = standard deviation; CV = coefficient of variation; TBM =
total body mass; CM = cell mass; FM = fat mass; LMB = lean
body mass; V
.
O2resting = resting oxygen uptake; V
.
O2unloaded =
unloaded oxygen uptake; V
.
O2peak = peak oxygen uptake.
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Figure 1. Composition of each subject as a percentage of cell
mass (), fat mass () and lean body mass (). *p < 0.001.
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young men when cycling. Although the results of
this study show that V
.
O2 is correlated with LBM and
TBM, we found that it is even more closely correlated
with CM. CM appears to be the best approximation
of the mass of the working body compartment avail-
able at the present time. This finding agrees with the
previous concept regarding CM being theoretically
similar to active tissue [6], based on the method of
body composition measurement.
There is a major concern regarding the previous
body mass-based V
.
O2 relationships because these
relationships do not consider the V
.
O2 for unloaded
and peak cycling [3,7], or resting and peak cycling
[2,5]. To estimate V
.
O2 during cycle ergometry, it is
important to distinguish between V
.
O2resting, which
reflects the basal O2 utilization of the body mass,
V
.
O2unloaded, which reflects the O2 required to keep 
the body mass in motion (i.e. internal work), and
V
.
O2peak, which represents the O2 cost of performing
the sum of the internal and external work [10]. The
results of this study have demonstrated that V
.
O2resting,
V
.
O2unloaded and V
.
O2peak are correlated with CM, LBM
and TBM (Figure 2). However, as previously noted,
the V
.
O2 of the ergometer is greater in obese than in
non-obese subjects [2]. It is possible that the linear
relationships observed in the present study between
V
.
O2 and body masses were most likely the results 
of the relationships that exist between TBM and its
component masses, even though slopes of these rela-
tionships were different for different body mass com-
ponents (Figure 1). While the values of V
.
O2/TBM
correction increased with increasing CM/TBM ratios,
V
.
O2/CM correction did not vary with changes in the
relative CM values (Figure 3). V
.
O2resting, V
.
O2unloaded
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Figure 2. Relationship between V
.
O2 and: (A) cell mass; (B) lean
body mass; (C) total body mass during rest (), unloaded cycling
(), and peak cycling (). *p < 0.001; †p < 0.005.
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and V
.
O2peak were more closely associated with CM
than TBM. However, V
.
O2 was more closely correlated
with LBM than with TBM during rest (r = 0.3, p < 0.05)
and at peak cycling (r = 0.38, p < 0.005). As proposed
by White and Alexander [3], V
.
O2resting was more
closely correlated with CM (r = 0.32, p < 0.05). Mean-
while, we also found that V
.
O2unloaded (r = 0.28, p < 0.05)
and V
.
O2peak (r = 0.43, p < 0.005) were more closely cor-
related with CM. Therefore, we think it is likely that
CM is the primary factor that contributes to V
.
O2 at
rest and during cycling.
Many previous studies have demonstrated the
LBM- and TBM-based V
.
O2 relationship [2,3,5,7]; how-
ever, we cannot fully discount the possibility that V
.
O2
might be determined by a variable other than LBM
and TBM per se, which also happens to be correlated
with LBM and TBM. Indeed, we found that CM is
significantly correlated with LBM, TBM and V
.
O2. The
idea that V
.
O2 is dependent on body weight is based
on the fact that obese subjects show a greater increase
in resting V
.
O2 compared with non-obese subjects and
the increase is more marked during dynamic exercise
[1,2,10,11]. However, Whipp et al [12] found that, after
weight gain, the V
.
O2 during steady-state exercise was
only slightly higher. In view of the above considera-
tions, this is not unexpected. However, we recognize
that LBM and TBM do not faithfully reflect active tis-
sue and do not need an increase in LBM or TBM to be
related to the active tissue increase. The weight in-
crease is a result of differential changes in different
components of body mass. The sizes (masses) of the
cardiovascular and respiratory system may also fol-
low differential changes that are not proportional to
the gains in body weight. As a consequence, the body
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Figure 3. Correlations between resting (), unloaded (), and peak () V
.
O2 corrected for total body mass and each body mass parame-
ter (lower and upper panels, respectively) to: (A) cell mass percentage; and (B) lean body mass percentage. *p < 0.005; †p < 0.05.
V
.
O2 = oxygen uptake.
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is inappropriately large for the active tissue. More O2
is needed to maintain the greater body mass at rest
and the metabolic requirements for a given rate of
effective external work is much higher than the rest-
ing condition [1]. From the available data, it is known
that the constituents of CM and LBM remain propor-
tional throughout the TBM range. Meanwhile, FM is
the greatest dependent variable (Figure 1). The data
presented above demonstrate that the presence of
excess fat per se does not have an important influence
on the capacity of the cardiovascular-respiratory sys-
tem under work performance conditions. Indeed, the
relationship between V
.
O2 and CM mentioned above
was quite significant, permitting estimated V
.
O2. For
these reasons, CM presumably contributes to the meta-
bolically active component of body weight, i.e. the part
that is largely responsible for V
.
O2. It might imply
that other components of body masses rather than CM
impose an additional load on CM, which is responsi-
ble for performing work. This adds to the O2 required
to perform mechanical work. The increased O2 uti-
lization of CM performing internal and external work
would manifest as a greater increase in V
.
O2 for
cycling.
Although it was thought that the increased V
.
O2 is
due to the extra work required to move heavier legs in
obese subjects [5,11,13], the close association between
V
.
O2 and CM raises the hypothesis that the extra work
is needed for CM to carry other body masses. In sup-
port of this notion, it is recognized that additional
energy is needed not only to move the legs but also
postural activity and breathing work in leg cycling
exercise [14]. The increased V
.
O2 should partially be
related to the increased postural component of work-
rotation of the trunk and buttocks to facilitate the
movement of the thighs around the saddle [14]. It was
reported that 20–30% of the energy cost in cycling is
attributed to an increase in bracing the trunk on the
ergometer [11]. In addition, the work involved in
breathing was shown to be increased in heavy subjects
[15]. It has also been demonstrated that the energy
cost of “normal” respiratory function may account
for some of the difference in energy expenditure be-
tween heavy and lean persons [13]. It is estimated the
there was a 5–15% increase in energy cost for ventila-
tion in heavier subjects [11].
However, two possible weaknesses of this study
merit consideration. First, very heavy subjects were not
included in the current study. Second, the variation
in body masses and composition between sexes and
with age was not considered. Further investigations
of these relationships are needed over a wider range
of ages in both male and female subjects with an
ample range of naturally occurring variations in body
mass.
In conclusion, CM should provide the best approx-
imation of active tissue and the most valid estimate 
of V
.
O2 during cycle ergometry at 60 revolutions/
minute in untrained healthy young males.
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踏車運動測試攝氧量與身體組成之關連性：
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本文的目的在評估比較踏車運動測試攝氧量與各身體組成質量及總體重的關連性並探
討各身體質量對活動組織的代表性。共 56 位未經訓練年輕男性 (年齡 26.0 ± 4.1 
歲，體重 68.4 ± 8.1 公斤 ) 接受多頻生物電流電阻身體組成分析並量測在休息、無負
重踏車及最高踏車下之攝氧量加以分析比較。研究結果顯示每單位總體重之攝氧量與
每單位細胞質量重為正相關 (p < 0.05–0.01)，而每單位細胞質量重之攝氧量則與人體
的高矮胖瘦則無顯著相關 (p > 0.05)。相較於脂肪重、無脂體重及總體重，休息、無
負重踏車及最高踏車攝氧量與細胞質量重有較強的關連性 (p < 0.005–0.001)。休息、
無負重踏車及最高踏車攝氧量與細胞質量重的關連性亦不受脂肪重、無脂體重、腳重
及總體重的影響。本研究顯示細胞質量最能代表活動組織，同時細胞質量對未經訓練
年輕男性的踏車運動測試攝氧量可提供更精確的預測及比較。
關鍵詞：身體組成，細胞質量，踏車運動測試，攝氧量
(高雄醫誌 2009;25:544–51)
